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Abstract 
Mitsubishi Heavy Industries, Ltd. (MHI) in collaboration with Kansai Electric Power Co., Inc. (KEPCO) has 
developed a highly efficient chemical absorbent CO2 removal process called KM CDR Process TM.  This process, 
together with the proprietary KS-1TM solvent has been applied to ten (10) commercial CO2 capture plants with a 
maximum CO2 capture capacity of 450 metric tons per day (tpd). These commercial plants are providing captured CO2 
to the chemical and fertilizer industries, predominantly to enhance urea production.  One (1) further commercial CDR 
plant, 500tpd capacity, is currently under construction in Qatar. Performance data and learnings from these 
commercial plants are used to make further process improvements and catalyse R&D activities.
To provide a greenhouse gas mitigation solution for the power industry, MHI has adapted the KM CDR ProcessTM for 
coal fired power plant application.  Beginning in 1999, MHI have performed a number of test programs assessing 
plant performance and optimization with coal fired flue gas while evaluating the impact of associated impurities at the 
1 tpd pilot test facility in Hiroshima R&D Center. In 2006, MHI constructed a 10 tpd CO2 capture demonstration plant 
at a commercial 500MW coal fired power plant in Matsushima, Japan. Between 2006 and 2008, MHI operated the 
10tpd pilot plant in excess of 6,000 hours, trouble shooting and developing the technology. The Matsushima plant lead 
to MHI successfully beginning operation of the world's largest, 500 tpd, carbon capture plant for coal fired flue gas in 
June, 2011.  The 500tpd capture plant, dubbed Southern Company (SoCo) 500, streams the equivalent of 25MW of 
flue gas from a coal fired boiler at Alabama Power's Plant Barry.  The SoCo 500 plant is an integral part of the world’s 
first fully integrated coal fired flue gas CCS project. 
In recent years, governments and regulators have begun to examine amine emissions, from amine based CO2 capture 
facilities, and the associated potential impacts to the environment and human health.  It is envisaged that in the near 
future amine emission reduction will be become a critical requirement for all amine based CO2 capture OEMs. 
To reduce the amine emissions, MHI introduced the first optimized washing system within an absorber column in 
1994, and developed a proprietary washing system in 2003. The washing system is currently operating in ten (10) 
commercial plants of KM CDR ProcessTM, as a result amine emissions from these plants have been lowered to the 
ppm level. MHI has continued to improve this technology for further reduction of amine emissions and established 
“advanced amine emission reduction system”. A series of amine emission test programs have been carried out with 
various flue gases at the 1 tpd pilot test facility in Japan and the 0.2 tpd mobile CO2 capture test unit, which has been 
installed at Southern Company’s plant Yates in the USA, using both KS-1TM and MEA solvents. During these test 
programs, MHI found that an increasing SO3 content in flue gas caused a significant increase of amine emissions. The 
phenomenon was also observed at the SoCo 500 plant and a commercial plant.  During the several test programs, MHI 
applied a proprietary washing system in the commercial CO2 capture plant to remove aerosols, including SO3 mist 
absorbed amine vapor, from the flue gas stream and confirmed that the amine emission were drastically reduced. 
MHI is also currently researching amine atmospheric chemistry, i.e. behavior of emitted amine compounds in air from 
CO2 capture plant, to better understand the potential issues with commercialization of this technology for CCS 
application. 
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1.0 Introduction and Background  
In a bid to combat climate change and the contribution of industrial CO2 into the earth’s atmosphere, MHI and 
KEPCO developed an advanced CO2 capture chemical absorption process which can be applied to the power 
generation sector as an effective and economic means of reducing industrial CO2 emissions. With recent R&D 
activities and commercial plant operation experiences, MHI has observed that the amine emissions from the 
absorber, in treated flue gas, increase exponentially with the presence of SO3 in the flue gas. To better 
understand the mechanism causing the emissions, MHI evaluated SO3 influence on the CO2 capture system and 
developed engineering counter measures for future customers. 
 
2.0 SO3 impact on amine emission 
MHI has performed pilot testing (1tpd) with simulated gas, including SO3, to evaluate the impact of the SO3 on amine 
emissions. Commercially available amine solvent, Monoethanol Amine(MEA), was used as the chemical absorbent 
for the test,  MHI has confirmed that amine (MEA) emissions from absorber increased exponentially with slight 
incremental increases (ppm) in  SO3 concentration (Figure1). 
 
MEA vapor & aerosols emission 
SO3 concentration  
at Absorber Inlet 
Absorber outlet 
3 [ppm(dry)] 67.5 [ppm(dry)] 
1 [ppm(dry)] 29.8 [ppm(dry)] 
0 [ppm(dry)] 0.8 [ppm(dry)] 
 
 
 
 
 
 
 
 
 
 
 
3.0 Emission Reduction Technology  
3.1 Commercial plant SO3 experience 
One (1) of MHI’s commercial plants experienced excess amine emissions due to the flue gas containing higher than 
design SO3 content. To counter these emissions, MHI has modified the absorber washing section to include a special 
type multiple stage washing section. After modification, amine emissions and the visible plume were both reduced 
drastically. (Figures 2 & 3) 
 
Item Before 
modification 
After 
modification 
SO3 concentration at 
quencher inlet 
[ppm(dry)] 
2.1-2.7 2.3-3.6 
Amine emission 
[ppm(dry)] 
12-35 0.7-3 
Solvent consumption Base 1/4 
Top of absorber 
(Treated Flue Gas 
Outlet) 
 
 
 
 
 
Figure1. SO3 influence on amine emission 
Figure 2. Modification part for amine emission reduction Figure 3.  Result for modification 
 Takashi Kamijo et al. /  Energy Procedia  37 ( 2013 )  1793 – 1796 1195
 
3.2 Improved Simulator development for Mist Phase Phenomena 
 
3.2.1 Outline for the CO2 absorption simulator 
To evaluate the phenomena of CO2 absorption in the absorber, MHI developed a rate-based simulator based on R&D 
results and actual plant data. The conceptual scheme for the CO2 absorption mechanism in the absorber is as below in 
Figure 4. The CO2 absorption simulator is based on CO2, H2O, and amine mass balance differential equations, gas-
liquid equilibrium and reaction rates within each differential cross section of the absorber. 
Differential equations on heat balance are also used, based on heat transfer rates, including reaction heat and latent 
heat. Generally, the CO2 absorption simulator considers two phases, “Liquid phase” and “Gas phase” modelled on the 
CO2 absorption mechanism.  
However, as actual phenomena, 
emitted treated flue gas from the 
absorber can contain a large amount of 
mist phase under specific conditions. 
Therefore, MHI has developed and 
evaluated an improved simulator, 
which considers additional phenomena 
of “Mist phase”. 
 
 
 
 
 
3.2.2 Simulation Result 
Evaluation of the improved simulator has been performed with commercially available amine, MEA. In this evaluation, 
MHI used input parameters based on actual measurement results and simulated the phenomena of CO2 absorption in 
absorber, with high SO3 content 
(7ppm (dry)) in the flue gas at the 
inlet of the absorber. As a result, 
without considering mist 
elimination, concentration of the 
amine mist phase at the outlet of 
wash section will be higher than 
that of vapour phase. The 
simulator theoretically confirmed 
that high SO3 content in flue gas 
causes a significant amine 
emission increase.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flue Gas Inlet Condition (assumed)
Flue Gas Outlet (Wash section outlet) 
 
Mist 
Conc ntration Diameter 
Flue Gas Outlet 
(Wash section outlet) 17 2.5 
Flue Gas Inlet 1(Base) 1(Base) 
 
 
Figure . Conceptual scheme for CO2 absorption mechanism 
Liquid Gas Phase 
Differential
Height Reaction 
Latent Heat 
Mist 
H2O
CO2 
Amine 
H2O 
CO2 
Amine 
Latent Heat 
Reaction 
Heat 
H2O 
CO2 
Amine 
Liquid 
Liquid 
Gas 
Gas Mist 
Mist 
Heat Heat 
Figure5. Simulation Result 
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4. Summary 
Through testing and commercial experience MHI has proven that CO2 recovery plants that process flue gas that 
contains SO3 can experience higher amine emissions, specifically as amine mist. 
As a countermeasure MHI has developed a special type multi stage washing system to drastically reduce SO3 related 
amine emissions and a simulator that can predict SO3 and mist phase behaviour in the absorber. The simulator can 
identified that most of the amine emitted from absorber exists as “mist” phase, while representing the actual conditions 
in the absorber. MHI are continuing to further improve amine emission reduction technology by improving 
engineering controls and the simulator, thus helping to facilitate the safe, environmentally friendly wide scale 
deployment of CO2 capture technology as an effective counter measure against climate change.  
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